Abstract: Land surface temperature (LST) is one of the most important parameter in the physic of the Earth's surface through the process of power and exchange of land and water with atmosphere. The Thermal Infrared Sensor (TIRS) is a new instrument carried onboard the Landsat satellite that is dedicated for capturing temperature specific information. The study included a real-time field work performed during the overpass of Landsat-8 TIRS satellite on many intervals started on 22/10/2015 over Institute Technology Sepuluh of November (ITS) in city of Surabaya, Indonesia. The main purpose of this paper to develop Land surface temperature retrieval algorithm from Landsat 8 using long-term in-situ to estimate multitemporal Land surface temperature (LST) changes by using satellite remote sensing data. The developed algorithm showed a good performance of the LST algorithm with coefficient of determination (R 2 ) was above 0.6 and the validation of algorithm based on band 11 Linear achieved a good performance that has the high accuracy with RMSE ≤ 1 it was 0.692 and coefficient (R 2 ) was 0.9308.
Introduction


Land Surface temperature (LST) is one of the most important environmental factors used to identify the energy and material exchange between the Earth's surface and the lower layer of the atmosphere [1, 2] . Through continuous monitoring of this parameter is familiar to yield information about climate suspected change. Remote sensing is absolutely useful for spatial and temporal understanding of the land cover change for the basic physical properties of the surface radiance, and data emissivity [3, 4] . Thermal infrared remote sensing (TIR) provides a unique technique for acquisition LST information at the provincial and universal scales since most of the energy detected by the sensor in this spectral district is directly released by the land surface [5] . There is a number of satellite remote sensing platforms with multiple sensors in the TIR spectrum giving modern Meteorological a number of datasets can be useful to measure the LST. There is a number of satellite remote sensing platforms with multiple sensors in the TIR spectrum giving modern Meteorological a number of datasets can be useful to measure the LST.
Since the 1970s, satellite-derived (such as Landsat Thematic Mapper-TM, Enhanced Thematic Mapper Plus (ETM+) and in these decades (Landsat 8 Operational Land Imager (OLI) & Thermal Infrared Sensor (TIRS) ) surface temperature data have been utilized for regional climate analyses on different scale [6] . The Thermal InfraRed Sensor (TIRS) is a new instrument carried onboard the Landsat 8 satellite that is dedicated to capturing temperature-specific information. Using radiation information from the two electromagnetic spectral bands covered by this sensor, it is possible to estimate the temperature at the Earth's surface (at a 100m resolution, compared to the 30 m resolution of the other instrument, the Operational Land Imager). Previous TM and ETM+ sensors Fig. 1 have only one thermal band, while the Landsat 8 TIRS has two spectrally adjacent thermal bands. That is suitable for the split-window (SW) algorithm. The SW algorithm uses two thermal bands typically located in the atmospheric window between 10 and 12 μm [7] . It is the most commonly used algorithm for LST retrieval due to the simplicity and durability. The aims of this study were: take measures to check the quality, performance, or reliability of methods for LST estimation from the Landsat 8 TIRS imagery, and validate the algorithm to predict the performance of the developed algorithm that is working well by using survey data measure LST comparing with the brightness temperature based on thermal bands of Landsat 8 band 10 & 11. Depends on comparing and analyzing retrieval results of those methods. Therefore, it shows different processes for retrieving LST from Landsat 8 TIRS data in order to contribute more utilizations of this sensor in the future.
Material and Methods
Study Area
The data were collected from nine investigation stations taken 9 different locations of Institut Teknologi Sepuluh Nopember (ITS) Campus. This campus is an Indonesian stated-owned university located in Surabaya, East Java, with strong emphasis on scientific, engineering, and technological education and research. ITS has five faculties containing 27 academic departments which occupy an area of 180 hectares. The locations of study area as well as the distribution of sample stations were shown in Fig. 2 . The Coordinate data capture is taken in ITS Campus have size of more than or equal to 30×30 m.
In situ Data Collection
The in-situ surface temperature data were collected using field thermometer and Oxygen device at same time of satellite overpass at nine stations. The location of field stations were recorded using GPS handheld were shown in Fig. 3 As a matter of fact, we've had to use 9 points for developments and 9 points for validation due to the rest of data were unreasonable and not really close to the reality that may be due to an error is related to abnormal action happened in the sensor during the processing of data in Landsat 8, in other words they were under 0°C or equal to 0°C. So, we excluded them from the process of the development of LST algorithm.
In Table 5 was shown the statistical attribute of those points. The field survey was conducted every 16 days during the overpass of Landsat-8 OLI & TRIS satellite over in-situ at Teknologi Sepuluh Nopember (ITS). The coordinate of the point sample data taken on many intervals started on 22nd October 2015 is used to indicate the location of a point with a specific capture image satellite. So that can know the spectral index value of each phase of land surface temperature identified from a sample position coordinates. The data collecting station, which is located more than or equal 30×30 m taken from land surface temperature 
Landsat 8-TIRS Data Collection
The satellite data used in this research (path/row: 118/65) were acquired during two different sessions (wet and dry), from October 2015 to February 2016. The problem in this research is how to transform the raw image of Landsat 8-TIRS to surface temperature. This transformation has been done by using two main steps: radiometric correction and physical parameter extraction from radiometric corrected Landsat 8-TIRS. Algorithm to convert remote sensing the value of Digital Number (DN) of Band 10 and Band 11 to radians (Lλ). Those notations were defined as follow: Lλ = (ML * Qcal) + AL (1) Where: Lλ = Top of Atmosphere Spectral Radiance (ToA) ML = Band-specific multiplicative rescaling factor AL = Band-specific additive rescaling factor Qcal = Quantized and calibrated standard product pixel Values (DN).By using Eq. (1) in Table 6 , we can get Lλ.
Also, algorithm to Convert Top of Atmosphere Spectral Radiance of TIRS (ToA) radiance values of Band 10 and Band 11 to ToA brightness-temperature (BT) in Kelvin (K) Those notations were defined as follow:
Where: T = ToA brightness temperature (K) K 1 = Band-specific thermal conversion constant K 2 = Band-specific thermal conversion constant
The information of Landsat 8 band 10 & 11 for nine stations in-situ was presented in Table 6 . Those data could be ordered and downloaded from ESPA's website (http://espa.cr.usgs.gov/). The downloaded BT data then calibrated all digital numbers by using BEAM VISAT and converted to remote sensing radiance (Lλ) and then got BT. This process was carried out using Eqs. Combination of LST of Band10 and LST of Band 11 obtained from step-3 through Mean and Difference in between them as shown in Eqs. 
Data Processing & Retrieval
In general, the Land Surface Temperature directly related to Brightness Temperature (BT) extracted from Landsat 8 TIRs data. By collecting in-situ field surface temperature, we analyzed the relationship of BT and in-situ temperature. The temperature extraction algorithm from BT has been developed because there is no direct correlation between BT and LST. Subsequently the developed algorithm has been validated using in-situ data.
Model relationships that have been obtained, then selected based on the value of coefficient (R 2 ). Models with a value of R 2 ≥ 0.5 could be used in subsequent analysis while the model with the value of R 2 ≤ 0.5 is not used in further analysis. The best relationship model has been obtained on relation of Landsat Thermal Brightness Temperature and Measured Land Surface Temperature, then used to determine the algorithm of LST. All measures & procedures that have been followed in this research were shown in Fig. 4 . 
Accuracy Assessment
To test the accuracy of Landsat 8 Thermal Sensor Brightness Temperature that was developed by USGS & Land Surface Temperature parameter (LST) retrieval algorithm, coefficient of determination (R 2 ) and Root Mean Square Error (RMSE) was used. The formula was defined as follow:
In the case of developing an algorithm is the brightness temperature based on thermal bands of Landsat 8. But in validating the algorithm, X is the estimated Land Surface Temperature. While y is the measured Land Surface Temperature. 
Results & Discussion
Relation of Landsat 8 Thermal Brightness Temperature Band 10, 11 (BT) and Measured Land Surface Temperature (LST).
The relationship between Landsat 8 thermal sensor brightness temperature and Land Surface Temperature has been calculated by BEAM VISAT 5.0. The Land Surface Temperature in-situ was used to develop an applicable association with Landsat 8-TIRS thermal sensor brightness temperature derived distribution and coefficient of determination R 2 that has strong relation between in-situ measure LST and estimated BT from satellite. This relationship was shown in Tables 7 & 8 .
Development of Land Surface Temperature Algorithm
After Comaprison between measured LST in-situ and estimated LST was shown in Table 11 . Table 7 The Development of LST retrieval algorithm for band 10 (BT).
Regression Model Band 10 Brightness Temperature
Algorithm R 2 Linear y = -0.5187x + 47.884 0.6392 Table 8 The Development of LST retrieval algorithm for band 11 (BT). 
Regression model
Validation of Land Surface Temperature Algorithm
After developed the algorithm we needed to assess the performance by validation, it was using 9 remaining data points. The algorithm based on band 11 Linear achieved a good performance and the results showed that LST retrieval algorithm from Landsat 8 based on long-term in-situ data using band 11 has the high accuracy with RMSE ≤ 1, it was 0.692 with coefficient R 2 was 0.9308.
Performance of Land Surface Temperature algorithm (LST) was shown in Figs. 10 & 11. The value of R 2 and RMSE of algorithm was determined in Table 11 and Comparison between measured in-situ data and estimated LST at sensor was shown in Table  12 .
We implemented algorithm in BEAM VISAT 5 as shown in Figs. 5 & 6 to calculate difference and Mean LST Layer was shown in Table 9 and Fig. 7 . 
Conclusion
It was found that the Landsat 8 thermal sensor brightness temperature has a good relationship with measured LST in-situ with R 2 above 0.6 that means R 2 value does not meet the minimum requirements with the value of R 2 (≤ 0.5). The developed algorithm showed a good performance if made based on both band 10 or 11. The algorithm based on band 11 Linear achieved the best performance as well as the results showed that LST retrieval algorithm from Landsat 8 based on long-term in-situ data equation-based method using band 11 has higher the accuracy with RMSE ≤ 1 than band 10 linear, it was 0.692 with coefficient R 2 was 0.9308 and the average of LST11 was 32.01°C. Using this algorithm the temperature of land surface can be conducted by using satellite data with sufficient accuracy. Therefore, future works should focus on extracting the best methods of estimating Land surface temperature retrieval algorithm from Landsat 8 TIRS using long-term In-situ data. The benefits to be obtained from this research is to produce the applicable and accurate algorithm to estimate multitemporal land surface temperature (LST) changes by using satellite remote sensing data Landsat 8 is not only here in this study area but also to make it generally applicable in wide range area. Distribution LST map was being developed and retrieved algorithm based on long-term in-situ data. It has been measured in-situ data and estimated LST was being derived from LST Class in ITS campus ranged from (20-25)°C-(37-40)°C was shown in Fig. 15 .
